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J/Ψ dissociation in collisions with nucleons is studied
within a boson exchange model and the energy dependence of
the dissociation cross section is calculated from the threshold
for ΛcD¯ production to high energies. We illustrate the agree-
ment of our results with calculations based on short distance
QCD and Regge theory. The compatibility between our calcu-
lations and the data on J/Ψ photoproduction on a nucleon is
discussed. We evaluate the elastic J/Ψ+N cross section using
a dispersion relation and demonstrate the overall agreement
with the predictions from QCD sum rules. Our results are
compatible with the phenomenological dissociation cross sec-
tion evaluated from the experimental data on J/Ψ production
from γ+A, p+A and A+A collisions.
PACS: 14.40.Lb, 12.38.Mh, 12.40.Nn, 12.40.Vv, 25.20.Lj
I. INTRODUCTION
Very recently the NA50 Collaboration reported [1]
measurements of J/Ψ suppression in Pb+Pb collisions
at the CERN-SPS. It was claimed in Ref. [1] that these
new experimental data ruled out conventional hadronic
models of J/Ψ suppression and thus indicated the forma-
tion of a deconfined state of quarks and gluons, namely
the quark gluon plasma (QGP). Presently, there are cal-
culations [2–4] using two different methods, namely the
cascade [5,6] and the Glauber type model [7], that re-
produce the new NA50 data reasonably well up to the
highest transverse energies [1] based on hadronic J/Ψ
dissociation alone. In view of this, the evidence for QGP
formation based on anomalous J/Ψ suppression [8] is not
obvious and an interpretation of the NA50 data can be
further considered in terms of the hadronic dissociation
of the J/Ψ meson by the nucleons and comovers.
However, the long term puzzle of the problem is the
strength of the hadronic dissociation of the J/Ψ meson.
The various calculations [2,3,5–7,9,10] of J/Ψ production
from heavy ion collisions in practice adopt different disso-
ciation cross sections. For instance, the cross section for
J/Ψ+N dissociation used in these models ranges from
3.0 up to 6.7 mb when dealing with the same exper-
imental data on J/Ψ production from A+A collisions.
Moreover, it is presently accepted that the dissociation
cross section does not depend on the J/Ψ energy and
in the available calculations [2,3,5–7,9,10] it enters as a
constant. Furthermore, to a certain extent, both of the
cross sections for J/Ψ dissociation on nucleons and co-
movers were taken as free parameters, finally adjusted to
the heavy ion data.
Moreover, the J/Ψ+N cross section was evaluated
from experimental data on J/Ψ meson production in
γ+A and p+A reactions. The analysis of the J/Ψ
photoproduction from nuclei at a mean photon energy
of 17 GeV [11] indicates a J/Ψ+N cross section of
3.5±0.9 mb. The combined analysis [12] of experimen-
tal data on J/Ψ production from p+A collisions at beam
energies from 200 to 800 GeV provides a J/Ψ+N cross
section of 7.3±0.6 mb. On the other hand, the J/Ψ+N
cross section evaluated by the vector dominance model
from the γ+N→J/Ψ+N data is about 1 mb [13] for J/Ψ
energies in the nucleon rest frame from 8 to 250 GeV.
In principle, this ambiguity in the J/Ψ dissociation
cross section does not allow one to claim a consistent
interpretation of the NA50 results. Although the exper-
imental data might be well reproduced by the more re-
cent calculations [2–4] considering the hadronic dissoci-
ation of the J/Ψ meson, the J/Ψ+N cross section was
introduced therein as a free parameter. In Ref. [4] we
provided results for J/Ψ dissociation on comovers and
motivated the large rate of this process [2,3] as arising
from the in-medium modification of the dissociation am-
plitude, which is obviously different from that given in
free space [14,15]. Most recent results from the different
models on J/Ψ dissosiation on light hadrons are given in
Refs. [16–19] In the present study we apply the hadronic
model to J/Ψ+N dissociation.
II. LAGRANGIAN DENSITIES, COUPLING
CONSTANTS AND FORM FACTORS
Within the boson exchange model we consider the re-
actions depicted in Fig. 1 and use the interaction La-
grangian densities:
LJDD = igJDD Jµ
[
D¯(∂µD)− (∂µD¯)D
]
, (1)
LDNΛc = igDNΛc
(
N¯γ5ΛcD + D¯Λ¯cγ5N
)
, (2)
LJD∗D = gJD
∗D
mJ
εαβµν(∂
αJβ)
×[(∂µD¯∗ν)D + D¯(∂µD∗ν)], (3)
LD∗NΛc = −gD∗NΛc
(
N¯γµΛcD
∗µ + D¯∗µΛ¯cγµN
)
, (4)
1
where, N = (
p
n
), N¯ = N †γ0, D ≡ ( D
0
D+
) (creation of
the meson states), D¯ = D†, and similar notations for the
D∗ and D¯∗ should be understood.
FIG. 1. The hadronic diagrams for J/Ψ+N dissociation.
The JDD coupling constant was derived in Refs.
[14,20] and in the following calculations we adopt
gJDD=7.64. Following the SU(4) relations from Ref. [21]
the DNΛc coupling constant was taken equal the KNΛ
coupling constant. The analysis [22–26] of experimen-
tal data provides 13.2≤gKNΛ≤15.7 and in the following
we use gDNΛc=14.8. However, we notice, that the cal-
culations [27] by the QCD sum rules suggest a smaller
coupling gDNΛc≃6.7±2.1. The D∗NΛc coupling con-
stant might be again related to the K∗NΛ constant.
The K∗NΛ constant is given in Ref. [28] within the
range –18.8≤gK∗NΛ≤–21.4, while it varies between ≃–
5.9 and –22 in Ref. [29]. In the following calculations we
adopt gD∗NΛc=–19 [28]. Furthermore, we assume that
gJDD=gJDD∗ [20].
The form factors associated with the interaction ver-
tices were parameterized in a conventional monopole
form
F (t) =
Λ2
Λ2 − t , (5)
where t is the four-momentum transfer and Λ is the cut-
off parameter. The introduction of the form factors is
dictated by the extended structure of the hadrons [30].
The form factor may be estimated through the vector
dominance model (VDM) [31]. The VDM predicts an
increase of the form factor with increasing mass of the
vector meson and a purely phenomenological prediction
provides Λ=mJ . In the following we will explicitly use
the cutoff parameter Λ=3.1 GeV for the form factors at
the JDD and JDD∗ vertices.
Furthermore, one should also introduce form factors
at the DNΛc and D
∗NΛc vertices. Again, we use the
monopole form, but there are no direct ways to evaluate
the relevant cutoff parameter. In Refs. [30,32,33] the cut-
off parameters were adjusted to fit the empirical nucleon-
nucleon data and range from 1.3 to 2 GeV depending on
the exchange meson coupled to the NN system. Based
on these results, in the following we use a monopole form
factor with Λ=2 GeV for the DNΛc andD
∗NΛc vertices.
In principle, the coupling constants and the cutoff pa-
rameters in the form factors discussed in this section
can be adjusted to the experimental data on the total
J/Ψ+N cross section evaluated from different nuclear re-
actions, as γ+A→J/Ψ+X and p+A→J/Ψ+X . On the
other hand, these parameters can be also fixed by com-
parison to the short range QCD or Regge theory calcula-
tions at high energies. As will be shown later, the set of
coupling constants and cutoff parameters proposed above
are rather well fitted to the relevant experimental data
and the results from theoretical calculations with other
models.
III. THE J/Ψ+N→ΛC+D¯ AND J/Ψ+N→ΛC+D¯∗
REACTIONS
The diagrams for J/Ψ dissociation by a nucleon with
the production of the Λc+D¯ and Λc+D¯
∗ final states are
shown in Fig. 1a)-c). They involve the J/Ψ→D+D¯ and
J/Ψ→D+D¯∗ vertices and are OZI allowed. These reac-
tions are endothermic, since the total mass of the final
states is larger than the total mass of the initial J/Ψ-
meson and nucleon.
The J/Ψ+N→Λc+D¯ reaction via D meson exchange
is shown in the Fig. 1a) and the corresponding ampli-
tude with an amplitude added in order to preserve gauge
invariance in the limit, mJ → 0, may be given by:
Ma = 2igJDDgDNΛc(ǫJ · pD¯)
×
(
1
q2 −m2D
+
1
2pJ · pD¯
)
u¯Λc(pΛc)γ5uN(pN ), (6)
where q = pJ − pD¯(= pΛc − pN), while the amplitude via
the D∗ meson exchange is shown in Fig. 1b) and can be
written as
Mb = gJD
∗DgD∗NΛc
mJ
1
q2 −m2D∗
× εαβµν pαJ ǫβJqµ u¯Λc(pΛc)γνuN(pN ). (7)
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Furthermore, the amplitude for the J/Ψ+N→Λc+D¯∗ re-
action due to D meson exchange is shown in Fig. 1c), and
is given by
Mc = igJD
∗DgDNΛc
mJ
1
q2 −m2D
× εαβµν pαJ ǫβJpµD¯∗ǫ∗νD¯∗ u¯Λc(pΛc)γ5uN(pN ). (8)
In Eqs. (6)- (8) ǫJ and ǫD¯∗ are respectively the polar-
ization vector of the J/Ψ meson and D¯∗ meson, and
q=pΛc − pN denotes the four-momentum transfer. We
notice that there arises no interference term among the
amplitudes, Ma, Mb and Mc, because of the Dirac
structure, when spin components are not specified and
summed over all spins for the N and Λc, and the differ-
ent final states.
In our normalization the corresponding differential
cross sections in the center of mass frame of the J/Ψ
meson and nucleon system are given by:
dσ
dΩa,b
=
1
64π2s
|Ma,b|2
×
(
[(mΛc +mD)
2 − s][(mΛc −mD)2 − s]
[(mN +mJ)2 − s][(mN −mJ)2 − s]
)1/2
, (9)
dσ
dΩ c
=
1
64π2s
|Mc|2
×
(
[(mΛc +mD∗)
2 − s][(mΛc −mD∗)2 − s]
[(mN +mJ )2 − s][(mN −mJ )2 − s]
)1/2
, (10)
where s=(pN+pJ)
2 is the squared invariant collision en-
ergy and |Ma,b,c|2 are the corresponding amplitudes
squared, averaged over the initial and summed over the
final spins. Explicitly, they are given by:
|Ma|2 =
8g2JDDg
2
DNΛc
3m2J
(
1
q2 −m2D
+
1
2pJ · pD¯
)2
× (pN · pΛc −mNmΛc)[(pJ · pD¯)2 −m2Jm2D], (11)
|Mb|2 =
g2JD∗Dg
2
D∗NΛc
3m2J
1
(q2 −m2D∗)2
× [ m2J(p2q2 − (m2Λc −m2N)2)
+2(pJ · p)(pJ · q)(m2Λc −m2N )
−p2(pJ · q)2 − q2(pJ · p)2
−4(pN · pΛc −mNmΛc)(m2Jq2 − (pJ · q)2) ], (12)
|Mc|2 =
4g2JD∗Dg
2
DNΛc
3m2J
1
(q2 −m2D)2
× (pN · pΛc −mNmΛc)[(pJ · pD¯∗)2 −m2Jm2D∗ ], (13)
with p≡pΛc + pN .
Finally, Fig. 2a) shows the J/Ψ+N→Λc+D¯ cross sec-
tion as a function of the invariant collision energy
√
s cal-
culated with D (solid line) and D∗ meson (dashed line)
exchanges and with form factors at the interaction ver-
tices. The J/Ψ+N→Λc+D¯∗ cross section is shown in
Fig. 2b). Both reactions substantially contribute at low
energies, close to the respective thresholds, while their
contribution to the J/Ψ+N dissociation cross section de-
creases with increasing
√
s.
FIG. 2. The cross section for J/Ψ dissociation by the nu-
cleon with Λc+D¯ (a) and Λc+D¯
∗ (b) production, as a function
of invariant collision energy,
√
s. The dashed line in a) shows
the calculations involving D∗ meson exchange, while the solid
line in a) indicates the contribution from theD exchange. The
results are shown for calculations with form factors introduced
at the interaction vertices.
IV. THE J/Ψ+N→N+D+D¯ REACTION
The diagram for J/Ψ dissociation by a nucleon with
the production of the D+D¯ state is shown in Fig. 1d).
The dissociation involves the J/Ψ→D+D¯ vertex and
therefore it is an OZI allowed process. The total mass
of the produced particles is larger than the total mass of
the initial J/Ψ-meson and nucleon and thus these reac-
tions are endothermic. Furthermore, the processes with
D+N and D¯+N scattering are different and both con-
tribute to J/Ψ dissociation on the nucleon.
The amplitude for the reaction J/Ψ+N→N+D+D¯
can be parametrized as [22,34]
3
Md = 2gJDD (ǫJ · pD)
t−m2D
F (t)MDN , (14)
where pD and mD are the D-meson four-momentum and
mass, respectively, ǫJ denotes the polarization vector of
J/Ψ-meson, t is squared four-momentum transfered from
initial J/Ψ to final D-meson, while gJDD and F (t) are
the coupling constant and the form factor at the J/ΨDD¯
vertex, respectively. Furthermore, MDN is the ampli-
tude for D+N or D¯+N scattering, which is related to
the physical cross section as
|MDN |2 = 16π s1 σDN (s1), (15)
where s1 is the squared invariant mass of the D+N or
D¯+N subsystem.
The double differential cross section for the reaction
J/Ψ+N → N+D+D¯ can be written as
d2σJN
dtds1
=
g2JDD
96 π2 q2J s
qD
√
s1
F 2(t)
(t−mD)2
× [(mJ +mD)
2 − t][(mJ −mD)2 − t]
m2J
σDN (s1), (16)
where qD is given by
q2D =
[(mN +mD)
2 − s1][(mN −mD)2 − s1]
4 s1
, (17)
and mJ and mN denote the J/Ψ-meson and nucleon
masses, respectively.
As was proposed in Ref. [34], by replacing the elastic
scattering cross section, σDN , in Eq. (16) with the to-
tal cross section, it is possible to account simultaneously
for all available final states that can be produced at the
relevant vertex. Since we are interested in inclusive J/Ψ
dissociation on the nucleon, in the following we use the
total D+N and D¯+N interaction cross sections. How-
ever, we denote this inclusive dissociation generically as
the J/Ψ+N → N+D+D¯ reaction.
The total D+N and D¯+N cross sections were evalu-
ated in our previous study [35] by considering the quark
diagrammatic approach. It was proposed that the D+N
and D¯+N cross sections should be equal to the K¯+N
and K+N cross sections, respectively, at the same in-
variant collision energy and neglecting the contribution
from the baryonic resonances coupled to the K¯+N sys-
tem. The total D¯+N cross section was taken as a con-
stant, σD¯N=20 mb, while the total D+N cross section
can be parameterized as
σD¯N (s1) =
(
[(mΛc +mpi)
2 − s1][(mΛc −mpi)− s1]
[(mD +mN)2 − s1][(mD −mN)− s1]
)1/2
× 27
s1
+ 20, (18)
where mL and mpi are the Λc-hyperon and pion masses,
respectively, given in GeV and the cross section is given
in mb.
Some of the partial D+N cross sections were cal-
culated Ref. [21] by an effective Lagrangian approach,
where the identity between the K¯+N and D+N inter-
action was imposed by the SU(4) relations. Indeed, on
the basis of SU(4) symmetry the couplings for the ver-
tices containing K¯ or K mesons were taken to be equal
to those obtained by replacing K¯ or K with D or D¯, re-
spectively. For instance, gpiDD∗=gpiKK∗ , gDNΛc=gKNΛ,
etc. In the more general case, the large variety of pos-
sible diagrams describing the K¯+N and K+N interac-
tions can be identified to those for the D+N and D¯+N
interactions, respectively. Thus, the estimates given in
Ref. [35] are supported by the boson exchange formal-
ism. The comparison between the DN scattering cross
section calculated by an effective Lagrangian and evalu-
ated by the quark diagrammatic approaches is given in
Ref. [36]. Furthermore, for the J/Ψ+N→N+D+D¯ cal-
culations we used coupling constants and form factors
similar to those used for the J/Ψ+N→Λc+D¯ reaction.
FIG. 3. The cross section for J/Ψ dissociation by the nu-
cleon with D¯+D production as a function of invariant collision
energy
√
s. The results are shown for calculations with and
without form factor at the J/ΨD¯D vertex.
Figure 3 shows the cross section for J/Ψ dissociation
on the nucleon with the production of D¯+D pairs calcu-
lated using Eq. (16), with and without form a factor at
the J/ΨD¯D vertex. The lines in Fig. 3 show the results
where the processes with D¯+N and D+N interactions
were summed incoherently.
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V. TOTAL J/Ψ+N CROSS SECTION AND
COMPARISON WITH QCD CALCULATIONS
Our results for the total J/Ψ+N cross section are
shown in Fig. 4 as the solid line a). Here the total cross
section is given as a sum of the partial J/Ψ+N→Λc+D¯
cross section calculated with D and D∗-meson exchange,
the J/Ψ+N→Λc+D¯∗ cross section calculated with D-
meson exchange and the inclusive cross section for J/Ψ
dissociation with D¯+D production.
FIG. 4. The total cross section for J/Ψ dissociation by the
nucleon, as a function of invariant collision energy,
√
s. The
line a) shows our calculation with a form factors. The line
b) indicates the first order calculations based on a short dis-
tance QCD, while the line c) shows the parameterization from
Ref. [37].
We found that the total J/Ψ+N cross section ap-
proaches 5.5 mb at high invariant collision energy. We
also indicate a partial enhancement of the J/Ψ+N dis-
sociation cross section at low energies due to the contri-
bution from the J/Ψ+N→Λc+D¯ and J/Ψ+N→Λc+D¯∗
reaction channels.
The line c) in Fig. 4 shows the parameterization from
Ref. [37], explicitly given as
σJN = 2.5
(
1− λ
λ0
)6.5
, (19)
where the cross section is given in mb, λ0=mN+ǫ0 with
ǫ0 being the Rydberg energy and
λ =
s−m2J −m2N
2mJ
. (20)
Parameterization (20) provides a substantially smaller
J/Ψ dissociation cross section compared to our result.
FIG. 5. The total cross section for J/Ψ dissociation by
the nucleon as a function of invariant collision energy
√
s.
The solid line a) shows our calculations with form fac-
tors, while the dashed line indicates the contribution from
the J/Ψ+N→Λc+D¯ and J/Ψ+N→Λc+D¯∗ reaction channels
only. The solid line b) indicates the first order calculation
based on short distance QCD.
Furthermore, the J/Ψ+N cross section can be eval-
uated [38,39] using short distance QCD methods based
on the operator product expansion [40]. Within the first
order calculation the cross section is given as [41]
σJN =
213 π
34 αsm2c
1∫
1/ξ
(ξx− 1)3/2
(ξx)5
g(x)
x
dx, (21)
where ξ=λ/ǫ0, mc is the c quark mass, αs is the strong
coupling constant and g(x) denotes the gluon distribution
function, for which we take the form
g(x) = 2.5(1− x)4. (22)
Calculations with a more realistic gluon distribution
function [42] only change the J/Ψ+N cross section
slightly at invariant collision energies
√
s<20 GeV, as
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compared to that obtained with function (22). The dif-
ferences associated with various gluon structure functions
can be predominantly observed at high
√
s. The J/Ψ+N
cross section from the first order calculations performed
using short distance QCD is shown by the line b) in
Fig. 4.
We note that the QCD results are in good agreement
with our hadronic model calculations at high invariant
collision energies, but substantially deviate from our pre-
dictions near the threshold for endothermic reaction. We
ascribe this discrepancy to the contribution from the
J/Ψ+N→Λc+D¯ and J/Ψ+N→Λc+D¯∗ reactions. The
dashed line in Fig. 5 shows the separate contribution to
the total J/Ψ+N cross section from the J/Ψ+N→Λc+D¯
and J/Ψ+N→Λc+D¯∗ reactions, while the solid line a)
again shows our result for the total J/Ψ dissociation by
a nucleon. The solid line b) in Fig. 5 indicates the QCD
result given by Eq. (21). It is clear that the main dif-
ference between our prediction and the QCD calculation
comes from the J/Ψ+N→Λc+D¯ and J/Ψ+N→Λc+D¯∗
reaction channels, which contributes substantially at low√
s.
VI. J/Ψ PHOTOPRODUCTION ON THE
NUCLEON
Within the vector dominance model, the J/Ψ photo-
production invariant amplitude, MγJ , on a nucleon can
be related to the J/Ψ+N scattering amplitude, MJN ,
as:
MγJ(s, t) =
√
π α
γJ
F (t)MJN (s, t), (23)
where s is the squared, invariant collision energy, t is the
squared four-momentum transfer, α is the fine-structure
constant and γJ is the constant for J/Ψ coupling to the
photon. In Eq. (23) F (t) stands for the form factor at
the γ−J/Ψ vertex, which accounts for the cc¯ fluctua-
tion of the photon [43]. Within the naive VDM only the
hadronic, but not the quark-antiquark, fluctuations of
the photon through the γ mixing with the vector mesons
are considered [44,45] and the form factor F (t) in Eq. 23
is therefore neglected. As was calculated in Ref. [43] by
both the hadronic and quark representations of the cc¯
fluctuation of the photon, the form factor F=0.3 at t=0.
The invariant amplitudes are normalized so that the
J/Ψ+N differential cross section is written as
dσ
dt
=
|M|2
16 π [(s−m2N −m2J)2 − 4m2Nm2J ]
, (24)
and similarly for the J/Ψ photoproduction cross section.
Taking the relation of Eq. (23) at t=0 and applying the
optical theorem for the imaginary part of the J/Ψ+N
scattering amplitude, one can express the total cross sec-
tion for J/Ψ dissociation by a nucleon σJN in terms of
the cross section for J/Ψ photoproduction on the nucleon
at t=0 as
dσγN→JN
dt
∣∣∣∣
t=0
=
α
16γ2J
(1 + α2JN ) σ
2
JN F
2(0)
× (s−m
2
N −m2J)2 − 4m2Nm2J
(s−m2N )2
, (25)
where αJN is the ratio of the real to imaginary part of
the J/Ψ+N scattering amplitude at t=0.
The γJ coupling constant can be directly determined
from the J/Ψ meson decay into leptons [46]
Γ(J/Ψ→l+l−) = π α
2
3 γ2J
√
m2J − 4m2l
[
1 +
2m2l
m2J
]
. (26)
FIG. 6. Differential cross section for the reaction
γ +N → J/Ψ +N at t=0 as a function of the invariant col-
lision energy,
√
s. Experimental data are from Ref. [54–56].
The solid line shows our calculations with the total J/Ψ+N
dissociation cross section evaluated using a boson exchange
model, while the dashed line indicates the results obtained
for the J/Ψ+N cross section given by short distance QCD.
The ratio αJN is unknown and as a first approximation
we put it equal to zero. This approximation is supported
from two sides.
At high energies Regge theory dictates that the am-
plitude for hadron scattering on a nucleon is dominated
by pomeron exchange and is therefore purely imaginary.
This expectation is strongly supported by the experimen-
tal data [47] available for p, p¯ π, K and K¯ scattering by
a nucleon.
6
At low energies the real part of the J/Ψ+N scattering
amplitude at t=0 can be estimated from the theoreti-
cal calculations of the J/Ψ-meson mass shift in nuclear
matter. As was predicted by the calculations by the op-
erator product expansion [48,49], QCD van der Waals
potential [50] and QCD sum rules [51–53], the mass of
the J/Ψ should only be changed a tiny amount in nu-
clear matter. However, a partial deviation of our results
from the J/Ψ photoproduction data might be actually
addressed to the contribution from a non vanishing ratio
αJN . More detailed discussion concerning an evaluation
of the real part of the J/Ψ+N scattering amplitude will
be given in the following.
The J/Ψ photoproduction cross section at t=0 is
shown in Fig. 6 as a function of the invariant colli-
sion energy. The experimental data were taken from
Refs. [54–56]. The solid line shows the results calculated
with the total J/Ψ+N cross section given by the boson
exchange model. We found that within the experimen-
tal uncertainties we can reproduce the J/Ψ photopro-
duction data at t=0 at low energies quite well. Let us
recall that this is possible because of the contribution
from the J/Ψ+N→Λc+D¯ and J/Ψ+N→Λc+D¯∗ reac-
tion channels.
The dashed line in Fig. 6 indicates the calculations
using Eq. (21), which reasonably describe the data on
photoproduction cross section at
√
s>10 GeV. We notice
a reasonable agreement between our calculations and the
results from short distance QCD at invariant collision en-
ergies
√
s>12 GeV. We also recall that in Ref. [39] the
discrepancy between the QCD results and the photopro-
duction data at low
√
s was attributed to a large ratio
αJN . Our result does not support this suggestion.
VII. COMPARISON WITH REGGE THEORY
It is of some interest to compare our results with the
predictions from Regge theory [57] given at high energies.
Furthermore, for illustrative purpose we demonstrate the
comparison in terms of the cross section at t=0 for the
γ+N→J/Ψ+N reaction, since the Regge model param-
eters were originally fitted to the photoproduction data.
Taking into account the contribution from soft and
hard pomeron exchanges alone, the exclusive J/Ψ photo-
production cross section at t=0 can be explicitly written
as [58]
dσ
dt
∣∣∣∣
t=0
= 23.15s0.16 + 0.034s0.88 + 1.49s0.52, (27)
where the cross section is given in nb and the squared
invariant collision energy, s, is in GeV2. The first term
of Eq. (27) comes from the soft pomeron contribution,
the second one is due to the hard pomeron, while the
last term stems from their interference. The parameters
for the both pomeron trajectories were taken from the
most recent fit [59] to the J/Ψ photoproduction data
from H1 [60] and ZEUS [61,62] experiments.
The prediction from Regge theory is shown by
the dotted line in Fig. 7 together with experimental
data [54–56,63,64] on J/Ψ photoproduction cross sec-
tion at t=0 as a function of the invariant collision energy√
s. The solid line in Fig. 7 shows our calculations using
the boson exchange model with form factors. We notice,
that in Refs. [57,59] the Regge model fit to the data on
γ+N→J/Ψ+N cross section at t=0 was not explicitly
included in an evaluation of the coefficients of Eq. 27,
which might partially explain some systematic deviation
of the Regge calculations from the photoproduction data.
FIG. 7. The cross section for the reaction γ+N→J/Ψ+N
at t=0 as a function of invariant collision energy,
√
s. Experi-
mental data are from Ref. [54–56,63,64]. The solid line shows
our calculations with the total J/Ψ+N dissociation cross sec-
tion evaluated by boson exchange model. The dotted line
shows the prediction (27) from Regge theory with parame-
ters for the soft and hard pomeron from Ref. [59], while the
dashed line is the result given by Eq. 27, but renormalized by
the factor 1.3
In order to illustrate the compatibility of the Regge
model prediction with our calculations we indicate by
the dashed line in Fig. 7 the result from Eq. (27), renor-
malized by a factor 1.3. We note a reasonable agreement
between our calculations and the Regge theory within
the short range of energies from
√
s≃10 up to 30 GeV.
However, considering the result given in this section
one should keep in mind the following critical arguments.
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First, we performed the calculations using a boson ex-
change model, which has some restrictions in its appli-
cation at high energies. For instance, the form factors
introduced at the interaction vertices suppress the con-
tribution at large 4-momentum transfer t, which allows
one to avoid the divergence of the total cross section at
large collision energies where the range of the available
t becomes extremely large [22]. A more accurate way to
resolve such a divergence at high energies is to use the
Reggeized boson exchange model [65–67].
Second, the Regge theory has limitations for applica-
tions at low energies [47]. Here we adopt the parameters
for soft and hard pomeron trajectories that were origi-
nally fixed [59] using the large set of data at
√
s≥40 GeV
and the very reasonable agreement between the Regge
model calculations with the data, even at lower energies,
might in some sense be viewed as surprising.
On the other hand, the D and D∗ meson exchanges
used in our calculations cannot be related to pomeron
exchange, rather they can be related to the Regge tra-
jectories, whose contribution to J/Ψ photoproduction at
high energies was assumed [57–59] to be negligible. This
does not contradict the results shown in Fig. 7, since our
calculations are substantially below the data at high en-
ergies.
VIII. EVALUATION OF THE REAL PART OF
J/Ψ+N SCATTERING AMPLITUDE
One of the crucial ways to test the coherence of our
calculations consists of an evaluation of the real part of
the J/Ψ+N scattering amplitude at t=0 and a compari-
son to the various model predictions [51–53] for ℜf(0) at
zero J/Ψ momentum. The latter is of course related to
the J/Ψ-meson mass shift or the real part of its potential
in nuclear matter.
Within the low density theorem the J/Ψ meson mass
shift ∆mJ in nuclear matter at baryon density ρB can be
related to the real part of the scattering amplitude ℜf(0)
as [52,68,69]
∆mJ = −2πmN +mJ
mN mJ
ρBℜf(0). (28)
The recent QCD sum rule analysis [51–53] with the op-
erator product expansion predicts attractive mass shifts
of about –4÷–10 MeV for J/Ψ meson in nuclear mat-
ter, which corresponds to small ℜf(0) about 0.1÷0.2 fm.
This result is very close to the predictions from the oper-
ator product expansion [48,49] and the calculations with
QCD van der Waals potential [50].
There are two ways to link these results for the effective
J/Ψ mass in nuclear matter or the J/Ψ-nucleon scatter-
ing length with our calculations. Both of the methods ap-
plied below contain a number of uncertainties and should
be carefully considered.
First, we address the partial discrepancy between our
calculations of the J/Ψ photoproduction cross section at
t=0 and data at low energies due to the nonzero ratio
αJN appearing in Eq. (25) and evaluate it from the ex-
perimental measurements as
α2JN =
dσexp
dt
∣∣∣∣
t=0
×
[
dσth
dt
∣∣∣∣
t=0
]−1
− 1, (29)
where the indices exp and th denote the experimental and
theoretical results for the photoproduction cross section
at t=0, respectively.
The modulus of the ratio αJN evaluated from the data
is shown in Fig. 8 as a function of the J/Ψ momentum,
pJ , in the nucleon rest frame. It is clear that the sign of
the ratio cannot be fixed by Eq. (29), but some insight
might be gained from the Regge theory calculation, which
is shown in Fig. 8 by the dashed line. Here again we use
the parameters of the pomeron trajectories from Ref. [59].
Now one can conclude that the ℜf(0) is positive at low
J/Ψ momenta, which agrees with the predictions [48–53]
on the reduction of the J/Ψ meson mass in nuclear mat-
ter. However, this speculation is true only if the real part
of the J/Ψ-nucleon scattering amplitude at t=0 does not
change its sign at some moderate momentum.
FIG. 8. The modulus of the ratio of real to imaginary part
of the J/Ψ+N scattering amplitude at t=0 extracted from
experimental data on cross section for γ+N→J/Ψ+N reac-
tion as a function of J/Ψ momentum pJ in the nucleon rest
frame. Experimental data used in the evaluation are from
Ref. [54–56]. The solid line shows the results from the dis-
persion relation. The dotted line shows the prediction from
Regge theory, which fixed the positive sign of the ratio.
8
Now, ℜf(0) is given as a product of the ratio αJN
extracted from the photoproduction data [54–56] and the
imaginary part of the J/Ψ+N scattering amplitude at
t=0, which is related to the total J/Ψ+N cross section
by the optical theorem (30) as
ℑf(0) = pJ
4 π
σJN , (30)
Let us recall that in our calculations the total J/Ψ+N
cross section is given only for OZI allowed processes, i.e.
at energies
√
s≥mΛc+mD. This threshold corresponds to
the J/Ψ meson momentum of≃1.88 GeV/c. Thus, within
the present method we cannot provide the real part of the
scattering amplitude at pJ=0 and make a direct compar-
ison with the absolute value of the ℜf(0) predicted in
Refs. [48–53]. However, the estimate of ℜf(0) at min-
imal J/Ψ momenta allowed by OZI reactions might be
done.
FIG. 9. The real part ℜf(0) of the J/Ψ+N scattering am-
plitude extracted from experimental data [54–56] on the cross
section for γ+N→J/Ψ+N reaction at t=0 as a function of
J/Ψ momentum, pJ , in the nucleon rest frame. The solid
line shows the ℜf(0) evaluated using the dispersion relation.
The shadowed area indicates the range of the predictions from
Refs. [48–53] given at zero momentum of the J/Ψ meson. The
extension of the shadowed area to higher momenta is shown
only for orientation and has no physical meaning.
The ℜf(0) extracted from the experimental data on
J/Ψ meson photoproduction cross section on a nucleon
at t=0 is shown in Fig. 9 as a function of J/Ψ momentum
in the nucleon rest frame. The shadowed area shows the
predictions [48–53] at pJ=0. Notice, that the shadowed
area is extended to higher momenta only for orientation.
Within the uncertainties of the method we could not de-
tect any discrepancy with the absolute value of the ℜf(0)
given in Refs. [48–53]. However, we emphasize again,
that this conclusion should be accepted very carefully.
A different way to evaluate the real part of the J/Ψ+N
scattering amplitude at t=0 involves the dispersion rela-
tion that is given as [70]
ℜf(ω) = Ref(ω0) + 2(ω
2 − ω20)
π
×P
∞∫
ωmin
ω′ℑf(ω′)
(ω′2 − ω20)(ω′2 − ω2)
dω′, (31)
where ω stands for the J/Ψ total energy, ωmin is the
threshold energy and ℑf(ω) denotes the imaginary part
of the J/Ψ-nucleon scattering amplitude at t=0, as
a function of energy ω, which can be evaluated from
Eq. (30). Furthermore, Ref(ω0) is the subtraction con-
stant taken at J/Ψ energy ω0.
Being more fundamental, this method involves sub-
stantial uncertainties for the following reasons. First, we
should specify the subtraction constant. By taking it
at pJ=0 from Eq. (28) we could not further verify the
consistency of our calculations with the predictions from
Refs. [48–53]. Second, to evaluate the principal value of
the integral of Eq. 31 one should know the imaginary
part of the J/Ψ+N scattering amplitude at t=0 or the
total cross section up to infinite energy.
Since our model could not provide the high energy be-
havior of σJN one should make an extrapolation to high
energies by using either short distance QCD or Regge the-
ory. As was shown in Ref. [39] the total J/Ψ+N cross
section at high energies is dependent on the gluon dis-
tribution function, g(x), appearing in Eq. (21). Further-
more, both distributions given by Eq. (22) and taken
from Ref. [42] were unable to reproduce [39] the ex-
perimental data on the γ+N→J/Ψ+N cross section at√
s>70 GeV. Thus we could not extrapolate our results
to high energies by the short distance QCD calculations.
As shown in Fig. 7, the Regge theory reproduces the
J/Ψ photoproduction data at t=0 quite well, when renor-
malized by a factor of 1.3. This meets our criteria since it
also fits our calculations at
√
s≃20 GeV. Thus we adopt
the Regge model fit for the extrapolation of our results to
high energies in order to evaluate the dispersion relation.
It is important to notice, that, in principle, there is no
need to address J/Ψ photoproduction in order to extrap-
olate our results to infinite energy using Regge theory.
One can adopt the energy dependence of the dissociation
cross section given by soft and hard pomeron exchanges
and make the absolute normalization by our calculations√
s>20 GeV. This is reasonable, because the absolute
normalization from the Regge model can be considered
to some extent as a free parameter, not fixed by the the-
ory.
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Moreover, we take the subtraction constant ℜf(ω0) at
high energy, ω0=10
3 GeV, and fix it by Regge theory with
the predicted ratio αJN . Thus we can independently use
an evaluated real part of the J/Ψ+N scattering ampli-
tude at t=0 for comparison with the predictions [48–53]
given at pJ=0.
Our results for the ratio αJN evaluated by the disper-
sion relation (31) are shown in Fig. 8 by the solid line.
Obviously, the calculations match the Regge model pre-
dictions since they were used to fixed both the high en-
ergy behavior of the total J/Ψ+N cross section and the
subtraction constant for the real part of the scattering
amplitude at t=0. Furthermore, the dispersion calcula-
tions give a surprisingly good fit to the ratios αJN ex-
tracted from the experimental data [54–56] on the cross
section at t=0 of the γ+N→J/Ψ+N reaction.
The real part of the J/Ψ+N scattering amplitude cal-
culated by dispersion relation is shown by the solid line in
Fig. 9 as a function of J/Ψ meson momentum in the nu-
cleon rest frame. Our calculations describes reasonably
well the data evaluated from the J/Ψ photoproduction
at t=0, that are shown by the solid circles in Fig. 9. It is
important that our results, normalized by a subtraction
constant at high energies, pJ=10
3 GeV, simultaneously
match the predictions [48–53] given at pJ=0.
Concluding this section let us make a few remarks. The
two methods applied to the evaluation of the real part of
the J/Ψ-nucleon scattering amplitude at t=0 are actu-
ally different, but nevertheless provide almost identical
results for the ℜf(0) over a large range of J/Ψ momenta.
The consistency of our approach can be proved by agree-
ment between our calculations simultaneously with the
Regge model predictions for ℜf(0) at high energy and
the predictions from various models [48–53] for ℜf(0) at
pJ=0. ¿From these results we confirm that below the
momentum of pJ≃1.88 GeV, which corresponds to the
OZI allowed J/Ψ+N→Λc+D¯ threshold, the J/Ψ inter-
actions with a nucleon are purely elastic. The J/Ψ meson
does not undergo significant dissociation on absorption at
momenta pJ < 1.88 GeV.
IX. ESTIMATE OF THE ELASTIC J/Ψ+N CROSS
SECTION
By definition, the total elastic J/Ψ+N→J/Ψ+N cross
section, σel, is related to the elastic differential cross sec-
tion as
σel=
∫
dσ
dt
∣∣∣∣
t=0
exp(bt), (32)
where b is an exponential slope of the differential cross
section and the cross section at the optical point, t=0,
is related to the total J/Ψ+N cross section and the ra-
tio αJN of the real and imaginary part of the scattering
amplitude as
dσ
dt
∣∣∣∣
t=0
=
1
16π
(1 + α2JN )σ
2
JN . (33)
The slope b can be estimated from the differential
γ+N → J/Ψ+N cross section and was fitted in Ref. [39]
to available experimental data as b=−1.64+0.83 ln s.
Finally, the elastic J/Ψ+N cross section is given by
σel=
1
16π b
(1 + α2JN )σ
2
JN , (34)
and is shown in Fig. 10 as a function of J/Ψ meson mo-
mentum. The dashed area in Fig. 10 indicates the elastic
cross section at pJ=0 given within the scattering length
approximation in Refs. [48–53] as
σel = 4π|ℜf(0)|2, (35)
that is valid as far as ℑf(0)=0 at pJ=0. Note, that Eq. 34
could not provide the estimate for elastic cross section at
pJ<1.88 GeV, i.e. below the Λc+D¯ reaction threshold,
where the dissociation cross section σJN=0. In principle,
one can interpolate σel from zero J/Ψ momentum to our
results.
FIG. 10. The elastic J/Ψ+N cross section as a function of
the J/Ψ meson momentum in the nucleon rest frame. The
solid lines show our calculations. The dashed area illustrates
predictions from Refs. [48–53] given at pJ=0. The dashed line
indicates our interpolation for the elastic cross section based
on the QCD sum rule results alone [51–53].
As we already discussed, the uncertainty in the elas-
tic cross section at pJ=0, given in Refs. [48–53], is very
large and to make a less unambiguous interpolation let
10
us to use only the most recent results from the QCD sum
rule calculations [51–53]. Let us recall that the QCD sum
rule calculations from Ref. [51] indicate a shift of the J/Ψ
mass of about –5÷–10 MeV, while in Ref. [52] the mass
shift was reported to be in the range –7≤∆mJ≤–4 MeV.
The calculations with higher dimension operators in the
QCD sum rule provide [53] ∆mJ=–4 MeV. Thus, we take
an average value which corresponds to σel =1.6 mb at
pJ=0. Now the dashed line in Fig. 10 indicates our in-
terpolation of the elastic cross section at low momenta.
FIG. 11. The total γ+N→J/Ψ+N cross section (a) col-
lected in Ref. [71] and the elastic J/Ψ+N→J/Ψ+N cross sec-
tion (b) evaluated by naive vector dominance given by Eq. 36
as a function of the invariant collision energy
√
s.
Furthermore, the vector dominance model can be used
to relate the elastic J/Ψ+N→J/Ψ+N cross section σel
and the total γ+N→J/Ψ+N cross section σγJ . Apply-
ing Eq. (23) and neglecting the form factor this relation
can be written as
σel =
γ2J
π α
(s−m2J)2
(s−m2N −m2J)2 − 4m2Nm2J
σγJ (36)
Fig 11a) shows the γ+N→J/Ψ+N cross section [71] as
a function of invariant collision energy, while the elastic
cross section σel evaluated from experimental photopro-
duction data using Eq. (36) is shown in Fig 11b). Apart
of the absolute value of the σel, which is substantially
below our estimate, we notice that very strong energy
dependence of the elastic J/Ψ+N→J/Ψ+N cross sec-
tion evaluated using Eq. (36) might alone indicate the
inconsistency of the application of naive VDM [43]. In-
deed, as we discussed above, the calculations of the J/Ψ
mass shift in matter or J/Ψ+N scattering length given
in Refs. [48–53] predicts the elastic cross section in the
range 1.25≤σel≤5 mb at pJ=0, while the J/Ψ meson
photoproduction data evaluated by Eq. (36) indicate a
systematic decrease of σel with decrease of J/Ψ meson
momentum.
FIG. 12. The circles show the elastic J/Ψ+N→J/Ψ+N
cross section as a function of the J/Ψ momentum evaluated
from the total γ+N→J/Ψ+N cross section by vector domi-
nance model of Eq. 36 additionally corrected by the factor κ
given by Eq. 37. The solid line indicates our estimate for σel
calculated by Eq. 34.
Apparently this inconsistency might be resolved by in-
troducing a form factor F (t) at the γ−J/Ψ vertex [43],
as given by Eq. (23) and applied in our study. The cor-
rection to the naive vector dominance is then given as
κ=
[∫
exp(b t)
]−1 ∫
F 2(t) exp (b t), (37)
where b is the slope of the differential γ+N→J/Ψ+N
cross section and the integration in Eq. (37) is performed
over the range of the squared transverse momentum t
available at given invariant collision energy
√
s.
By taking, for simplicity, an exponential form of the
γ−J/Ψ form factor with cutoff parameter Λ=1.7 GeV−2,
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we evaluate the elastic J/Ψ+N→J/Ψ+N cross section
from the data on the γ+N→J/Ψ+N cross section [71]
and show the result by the circles in Fig. 12, as a function
of the J/Ψ meson momentum. The solid line in Fig. 12
indicates our estimate for σel, which clearly give a rea-
sonable fit to the correctly extracted data over a large
range of available momenta pJ .
It is worthwhile to note that Fig. 12 clearly illustrates
that the introduction of a form factor at the J/Ψ−N
vertex allows one to resolve an inconsistency in the eval-
uation the elastic J/Ψ+N→J/Ψ+N cross section from
the total γ+N→J/Ψ+N cross section.
X. FINAL RESULTS
Finally, Fig. 13 shows the J/Ψ+N dissociation and
elastic cross sections over a large range of J/Ψ mo-
menta. Let us recall that the dissociation cross section,
σJN , was calculated using the boson exchange model up
to pJ≃200 Gev/c and extrapolated to high energies by
Regge theory.
FIG. 13. The elastic and dissociation J/Ψ+N cross sec-
tions as a function of the J/Ψ meson momentum in the nu-
cleon rest frame. The solid lines show our results. The square
shows the J/Ψ+N dissociation cross section evaluated from
J/Ψ photoproduction on nuclei, while the circle indicates
the dissociation cross section evaluated from J/Ψ production
from proton-nucleus collisions.
Now we compare our results with the J/Ψ+N dissoci-
ation cross section evaluated from nuclear reactions. The
square in Fig. 13 shows the σJN extracted from the J/Ψ
photoproduction from nuclei at a mean photon energy of
17 GeV [11]. The J/Ψ meson momentum was not explic-
itly fixed and is indicated in Fig. 13 only for orientation.
Furthermore, the circle indicates the result from the
combined analysis [12] of experimental data on J/Ψ pro-
duction from p+A collisions at beam energies from 200
to 800 GeV. Again the J/Ψ meson momentum was not
explicitly fixed by the analysis [12].
Within the experimental uncertainties our results for
the total J/Ψ+N dissociation cross section fit the avail-
able experimental data reasonably well.
We notice, that our results slightly (≃15%) underes-
timate the J/Ψ+N dissociation cross section evaluated
from experimental data on J/Ψ production from γ+A
and p+A reactions.
We also note that the NA50 experimental data on J/Ψ
production from heavy ion collisions [1] can be reasonably
well fitted by the calculations [6,7,72] with a J/Ψ+N dis-
sociation cross section σJN≃3÷6.7 mb. The most recent
calculations [2–4] on J/Ψ production and comparison to
NA50 data [1] indicates a smaller dissociation cross sec-
tion, in the range from 3 to 4.5 mb. In central Pb+Pb
collisions at 160 A·GeV the J/Ψ meson momenta pJ in
the nucleon rest frame are distributed over the range from
15 to 70 GeV/c with the maximum at pJ≃40 GeV/c [73].
Comparing the heavy ion results [1–4,6,7,72] with our cal-
culations from Fig. 11 we also find reasonable agreement
with A+A data.
Furthermore, the nonperturbative QCD calcula-
tions [74] provides the J/Ψ+N dissociation cross section
of 4.4±0.6 mb at J/Ψ meson momenta above 200 GeV,
which is consistent with our results shown by Fig. 13.
XI. FUTURE PERSPECTIVES
There are a few problems that remain open and need
further investigation.
In the present study we considered only OZI allowed
processes resulting in an endothermic inelastic reaction,
where the total mass of the produced particles is larger
than the initial mass, mJ+mN . These reactions provide
the threshold behavior of the cross section. On the other
hand, the OZI suppressed reaction channels such as
J/Ψ+N → N + nπ with the number of the final pi-
ons from n=1 up to mJ/mpi≃22 are open even at pJ=0.
These exothermic reactions, where the total final mass of
the produced particles is less that the initial mass, pro-
vide a 1/pJ behavior of the J/Ψ+N dissociation cross
section.
For instance, the OZI suppressed J/Ψ+N→N+π
cross section was calculated by the ρ meson exchange
model [75]. It was found that the cross section is negligi-
bly small although it diverges at pJ close to zero, because
it is exothermic. Furthermore, the ρ meson exchange
model evaluates the J/Ψ→ρ+π vertex, which accounts
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only tiny fraction, ≃1.27%, for the total hadronic decays
of the J/Ψ meson. The multi-meson OZI suppressed re-
actions might play a non negligible role for J/Ψ disso-
ciation on a nucleon. Eventually additional theoretical
estimates are necessary in order to make a final conclu-
sion about the possibility of J/Ψ+N dissociation at low
momenta.
Furthermore, we found a strong momentum depen-
dence of the J/Ψ+N dissociation cross section, as illus-
trated by Fig. 13. This momentum dependence of σJN
might provide a partial explanation of the variation of
the slope α from the Aα-dependence with the Feynman
variable xF . As was observed [71] in proton-nucleus col-
lisions at beam energy of 800 GeV the extracted value for
α is ≃0.9 at xF=0.2, while it decreases ≃0.8 at xF≃0.7.
The Feynman variable xF is proportional to the J/Ψ me-
son momentum and one may naturally expect from the
results shown in Fig. 13 that at large momenta, pJ , or
equivalently large xF , the value for α extracted from the
Aα-dependence, should be smaller in comparison to small
pJ . Now we can qualitatively predict that the slope α
decreases with increasing xF . However, a quantitatively
analysis needs further calculation.
An alternative way is to reanalyze the experimental
data on the A-dependence of J/Ψ production from p+A
collisions and to evaluate the dissociation cross section
as a function of the J/Ψ momentum. This will provide
a crucial test of our calculations, since it can be directly
compared to results shown in Fig. 13.
Furthermore, the ratio αJN of the real to imaginary
part of the J/Ψ+N scattering amplitude at t=0, which
is shown by Fig. 8, in principle can be measured using
coherent J/Ψ production at diffractive minima [44]. Co-
herent J/Ψ photoproduction from nuclei seems to be an
optimal way for such a measurement, however one needs
to perform further investigations in order to fix the sensi-
tivity of the data to the sign and magnitude of the ratio
αJN .
Obviously, the form factor F (t) at the γ−J/Ψ vertex
plays a key role for the comparison of our hadronic cal-
culations with the data on γ+N→J/Ψ+N cross section.
While this form factor is theoretically motivated at t=0
by the microscopic calculations given in Ref. [43], the
evaluation of its t-dependence still need further studies.
Our results shown in Fig. 12 should be consider as a phe-
nomenological estimate for F (t).
In addition, one can address the effect due to in-
medium modification of the J/Ψ+N dissociation cross
section because of the strong changes of the D and D∗
meson properties in nuclear matter [35,76]. As was found
in Ref. [4] this modification plays a substantial role for
J/Ψ dissociation on comovers. One might expect that
the modification of the J/Ψ+N dissociation cross sec-
tion in nuclear matter might play no role for heavy ion
collisions where the available J/Ψ momenta given in the
nucleon rest frame are larger than pJ>13 GeV, as was
discussed above. However, to clarify the situation a de-
tailed calculation of the in-medium modification of the
J/Ψ+N dissociation amplitude is necessary.
XII. SUMMARY
We have calculated the J/Ψ+N dissociation cross sec-
tion by a boson exchange model, including D andD∗ me-
son exchange and considering the Λc+D¯ and N+D+D¯
final states. We note that our results are in reasonable
agreement with short distance QCD calculations at high
energies, while differing from them at low energies be-
cause of the J/Ψ+N→Λc+D¯ reaction channel explicitly
included in our model.
To
compare our results with the data on γ+N→J/Ψ+N
cross section we introduced form factor at the γ−J/Ψ
vertex proposed in Ref. [43] and found good agreement
with the photoproduction data.
Furthermore, we evaluated the real part of the J/Ψ+N
scattering amplitude at t=0, f(0), using a dispersion
relations and extrapolating our result for the dissocia-
tion cross section to infinite energy by the Regge the-
ory [57,58]. Fixing the subtraction point for ℜf(0) at
large energies with Regge theory, we were able to si-
multaneously saturate the ℜf(0) at zero momentum of
J/Ψ meson given by the predictions for the J/Ψ mass
shift in nuclear matter and for the J/Ψ+N scattering
length [48–53].
We estimate the elastic J/Ψ+N→J/Ψ+N cross sec-
tion from our calculations and illustrate the compatibility
of our results with the data on the total γ+N→J/Ψ+N
cross section. It is important to note that the J/Ψ pho-
toproduction data were used in our study mostly for il-
lustrative purposes and do not influence the parameters
of our calculations or the final results.
Finally, we predict the energy dependence of the
J/Ψ+N dissociation, σJN , and the elastic cross section
over a large range of energies, from 1 to 103 GeV. In con-
trast to the usual expectation of a constant dissociation
cross section, we found that σJN varies strongly over the
indicated range of energies. Our results are in agreement
with the σJN evaluated phenomenologically from the ex-
perimental data on J/Ψ meson production in γ+A, p+A
and A+A collisions.
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